and with normal adults (Barnes, 1990 , as cited in Barnes, 1994) . Generally, the results indicate that MTO is more effective than OTM training in establishing the predicted equivalence classes. Urcuioli and Zentall (1993) also found that emergent matching performances were more likely after MTO than after OTM training in pigeons. Data from Urcuioli, Zentall, and DeMarse (1995) indicate that MTO training may require more trials to criterion than does OTM. Thus, the evidence suggests that although the OTM procedure may be more effective than the MTO procedure in establishing the directly trained relations, the predicted emergent relations arise more readily from MTO than from OTM procedures. None of these studies have investigated directly the relative effectiveness of the LS design versus the OTM and MTO designs in establishing predictable equivalence classes.
The purpose of the present study was, first, to investigate effects of training design, that is, LS vs. MTO vs. OTM, with respect to (a) probability of equivalence class formation , (b) reaction times during training and test, and (c) number of errors during training. A second purpose was to investigate changes in probability of equivalence outcome after positive symmetry tests in the least effective training design.
Method

Subjects
Forty college students served as subjects and were successively assigned to four different groups. None of the subjects were familiar with the equivalence paradigm.
Apparatus
A personal computer controlled stimulus presentation and data collection. A transparent touch screen was mounted in front of the 15" monitor. A cassette player controlled by the computer arranged automatic onset of music following correct responses during training.
Procedure
Stimulus material. Visual stimuli were displayed on the monitor. The stimulus materials were Greek letters, as shown in Table 1 . The presentation of the sample stimulus was always in the left-hand key (7 x 7 cm). Six comparison stimulus keys (4 x 4 cm) were arranged in two columns and three rows on the right-hand side of the monitor. Table 1 The Stimulus Materials Used in the Experiment 1 2
General information to the subjects. When asked to join the experiment, the subjects were told that the experiment was concerned with tasks presented on a computer with a touch screen. They were also told that the experiment would last for approximately 40 min., depending on how rapidly and correctly they responded.
Instruction. When a subject was seated in front of the monitor, a text picture on the sample stimulus key would show: "Press here when you are ready to start." The experimenter gave the following instruction:
When you press this key, the first stimulus will appear on the key. When you touch the stimulus, one or more stimuli will appear on the right-hand side of the monitor. After a few seconds, a new stimulus will appear on the left-hand key etc. Touches on the correct stimulus will be followed by music from the radio/cassette player, while incorrect responses will be followed by the blanking of the screen for 5 s before a stimulus in the left-hand key is presented again. Each part of the training requires a certain number of correct responses before proceeding to the next part. The training will be followed by tests. During the tests, there will be no different consequences for correct and incorrect responses -no music and no blank screen.
Training and test. Each trial started with the presentation of a sample stimulus. A touch on the sample stimulus was followed by the presentation of comparison stimuli in the keys on the right-hand side of the monitor. The sample remained until a comparison stimulus was touched. Initially during each training, a touch on the sample stimulus was followed by the presentation of the correct comparison stimulus only. Through nine successive correctly completed trials the number of comparison stimuli increased to three. The three comparison stimuli appeared in a random position from trial to trial, except that there were never more than one comparison in each row.
An overview of the experimental design is shown in Group 1 -LS: In Part 1, A-8 training required 21 successive correctly completed trials , and so did the following Part 2 , 8-C training. Finally, in the third part, 24 correctly completed trials were required when A-8 and 8-C trials were quasi-randomly intermixed before testing began. Group 2 -MTO: A-B training was followed by C-B training before the two sets were randomly intermixed as in the LS condition.
Group 3 -OTM: B-A training was followed by B-C training before the two sets were randomly intermixed as in the previous conditions.
Group 4 -LS with symmetry test: Following LS training as described above, and prior to the equivalence test, the subjects were exposed to two blocks of twelve symmetry test trials (B-A and CB).
The equivalence test consisted of 24 C-A trials, but was split half (2x12 trials) for easy detection of any major changes in responding during the test.
Statistical analyses
For statistical analyses of the reaction time data, we used a repeated measures ANOVA with one group factor (groups). A one-way ANOVA was used to test for differences between groups in number of errors during training, and to test for differences within groups with respect to differences in number of trials from the first part of training to second part. A two-tailed Fischer exact probability was used to test for differences in probability of equivalence outcome between the four groups.
Results
During the first test half following LS training, none of the 10 subjects responded in accord with equivalence, following MTO training, 5 subjects showed equivalence; and following OTM training, all 10 subjects responded in accord with equivalence. In the fourth group, when LS training was followed by a symmetry test, 7 of 10 subjects responded in accord with symmetry in the first test half, and 5 of these also showed symmetry in the second half of the test. One of these subjects responded in accord with stimulus equivalence during the first half of a following CA test. A summary of the results from each test half is illustrated in Figure 1 .
In the second test half following LS training, 3 subjects responded in accord with equivalence. Following MTO training, the number of subjects responding in accord with equivalence increased from 5 in the first test half to 7 during the second half of the test. All subjects in the OTM group continued responding in accord with equivalence in the second test half. In the fourth group, when LS training had been followed by a symmetry test, 2 more subjects, summing up to 3, responded in accord with equivalence during the second test half. Results from individual subjects are shown in Table 3 .
During the first test half, there was a significantly higher probability of equivalence outcome following OTM than following MTO. Similarly, the probability of equivalence outcome was significantly higher following MTO than following LS. In the second test half, the probability of equivalence outcome was still significantly lower following L8, both with and without symmetry, than following MTO. Table 4 shows p values from the two-tailed Fischer exact probability test. In all groups there were markedly higher reaction times to comparison stimuli initially during the test than during the final phase of training, as shown in Figure 2 . The ANOVA showed the following values: F(1, 36) = 26.40, P < 0.0001. There was also a significant decrease in reaction times from the initial five test trials to the last five test trials, F(1, 36) = 25.01, P < 0.0001, for all groups. There was no significant difference in reaction times between the subjects who responded in accord with equivalence and the subjects who did not. There were also significantly lower reaction times on the first test trial following LS with symmetry than following MTO and following LS directly. In both the MTO group and in the OTM group, the mean number of training trials to criterion as well as number of errors were Significantly lower than in Part 1. There was a significant reduction in number of errors within the MTO group, F(1, 9) = 9.64, P < 0.05, and within the OTM group F(1, 9) = 34.22, P < 0.001.
I-'MTO eOTM
In Part 3, during the mixing of training tasks, subjects in the MTO group emitted significantly more incorrect responses than subjects in the OTM group, as shown in Figure 3 , and a t test showed the following values, «1,11.46) = 2.29, P < 0.05. When comparing subjects who responded in accord with equivalence with those who did not, no statistically significant differences in number of trials or number of incorrect responses were found.
Discussion
The purpose of the study was to investigate effects of training design on the probability of equivalence outcome, reaction times, and the number of errors during training. The main finding was that the OTM procedure was significantly more effective than MTO, and that LS was the least effective procedure in creating the emergent relations indicative of equivalence classes. Adding a symmetry test to the LS training did not significantly increase the probability of equivalence outcome.
The superiority of OTM over MTO is apparently in contrast with the existing literature (Barnes, 1994; Saunders et aI., 1993; Saunders et aI., 1988; Spradlin & Saunders, 1986) . A differential outcome of training designs with respect to the probability of equivalence formation did not seem to be predicted by any of the existing models of stimulus class formation (e.g., Fields, Verhave, & Fath, 1984; Sidman & Tailby, 1982) when the first few studies seemed to show that the MTO procedure was more effective than the OTM procedure in evoking equivalence classes (Spradlin & Saunders, 1986; Saunders et aI., 1988) . Hence, those first reports of the differential effects of training design concluded with a suggestion that it could be a reflection of individual differences among subjects. However, the differential effects of training designs have been found repeatedly and, according to Barnes (1994) and to Saunders et al. (1993) shown unlikely to result simply from unbalanced assignment of subjects. Saunders et al. (1993) suggested that the issue of differential effect of training design may have been neglected because normal adult subjects may show the emergent performances almost regardless of training design. However, Barnes (1994) reported results similar to Saunders et al. (1993) , showing a superiority of the MTO compared to OTM training with normal adult human subjects. Several possible explanations of the differential outcomes of OTM and MTO have been set forth.
As suggested by Sidman (1994) , a possible source of superiority of the MTO design is related to the contextual control by negative stimuli. In the OTM design, B1 ~ A 1, A2; B1 ~ C1, C2, each sample-comparison relation could be controlled by its distinct negative comparison. In the present case, this would include no common element in BA and BC relations and, thus, would not allow a basis for relating C to A. In the MTO design, A1 ~ B1 , B2; C1 ~ B1, B2, each of the A stimuli would control a BA relation and its corresponding CA relation and foster responding in accordance with CA equivalence. In the LS training design, A1~ B1, B2 and B1 ~ C1, C2, control by negative comparison stimuli predicts results opposite of those usually expected in a CA equivalence test. Hence, when contextual control by negative comparisons is involved, the MTO training design would be expected to be most effective in producing positive equivalence test scores, and the LS would be the least effective by producing negative test results. The problem with contextual control by negative comparisons, however, would be expected to be minimized by using three comparison stimuli (Sidman , 1987) .
If control by negative comparisons has been involved in the previous studies, that could explain the relatively high probability of equivalence outcome following OTM training in the present experiment, in which the likelihood of S-minus control should be substantially reduced by using three comparisons. However, it does not readily explain why probabilities of equivalence outcome were lower following MTO and still much lower following LS training.
Training design differences in terms of changes from simultaneous to successive discriminations and vice versa, have been suggested as a potential explanation of a higher probability of equivalence outcome following MTO than following OTM and not the reverse as in the present experiment (Sidman, 1994) . In any case, an explanation of the differential training effects in terms of the number of discriminations that have to be made prior to the test would seem to be set off when comparing the probability of equivalence outcome in the LS group with a symmetry test with the other groups. A positive symmetry test implies that all samples and all comparisons have been both successively and simultaneously discriminated prior to the equivalence test. The probability of equivalence class formation was (a) not significantly higher following LS training with symmetry tests than following LS training without symmetry tests and (b) significantly lower immediately following LS than following OTM and MTO training. Thus the removal of potential test problems resulting from changes in requirements from simultaneous to successive discrimination or vice versa does not seem to explain the differences in probability of equivalence outcome. 1 1Also, because of a programming error, five subjects originally assigned to the OTM group received both OTM and MTO training . After 8-A and 8-C training trials , the subjects received A-8 and C-8 training trials. During a following CA equivalence test, none of the subjects responded in accord with equivalence.
A third possibility as mentioned by Spradlin and Saunders (1986) is that the different procedures could result in different kinds of verbal control. The fact that reaction times to comparison stimuli are higher initially during tests for emergent relations than during training may indeed indicate that something else than what is recorded by the experimenter occurs and may be relevant to the equivalence or nonequivalence outcome. The results from Saunders et al. (1988) showed that median latencies were higher in the OTM condition than in the MTO condition. Furthermore, shorter latencies were often correlated with equivalence class formation during testing. In the present experiment, however the higher mean reaction times initially during testing were not lower for the subjects who demonstrated equivalence than for those who did not within each condition (i.e., MTO and LS). Although verbal control is potentially relevant (Dugdale & Lowe, 1990; Eikeseth & Smith, 1992; Horne & Lowe, 1996) , it is not obvious how it relates to the different relative superiority of OTM and MTO.
Perhaps the most conspicuous difference between the present and previous experiments is that the previously reported studies (Saunders et aI., 1988; Saunders et aI., 1993; Spradlin & Saunders, 1986 ) typically used two-comparison tasks, whereas three-comparison tasks were used here. Three vs. two classes may have affected task difficulty of the procedures differentially. Although the MTO and OTM groups did not differ with respect to number of errors during the initial component parts of training, significantly more errors were emitted by subjects in the MTO group during the mixed training. However, because number of errors during each part of training has not been presented in the previous reports, and because the subjects in the present study were exposed to the equivalence test only after baseline requirements were met, it is not evident how this difference relates to the differential effects observed during the equivalence test. It is still possible that a differential outcome of training design reflects differences in how firmly baseline performance is established, because no check on sustained baseline performance was conducted during or following testing. If so, what exactly makes the OTM task "easier"?
One difference between the OTM design on the one hand and MTO and LS on the other that can make a difference during testing for emergent relations is that in the OTM design the sample can be related to more than one comparison. In both LS and MTO, there is only one correct comparison for each sample during each part of training, and because that comparison is suddenly missing during the test, emerging classes are more or less left to chance. This difference between training designs does not, however, explain the difference between MTO and LS with respect to probability of equivalence outcome.
In sum, the previous findings of a higher probability of equivalence outcome following MTO than following OTM was contradicted by the results of the present study. Moreover, no so far identified single aspect of differences between the MTO, OTM, and LS training designs seems sufficient to explain the differential probabilities of equivalence outcome. As Marr has recently pointed out: "Behavior can be full of surprises because it is virtually always the outcome of many interacting variables:' (Marr, 1996, p. 28) . The differences could still be a combined function of the variables discussed here. However, the increased, but highly varying, reaction times initially during testing suggest that some yet to be analyzed variables are relevant to the probability of equivalence outcome.
